20038 CHEtEXISS3 SIASBESUS =

(=]
|

26 H1S

LTS 2 A3 & dXx A3AE T2EE HF

Au)dT, AZE, )AL, FFAT,

71 A

[o)
Tow

24N ARENFYS
"YErled Ty

Verifying Correctness of Rail Signal Control Protocols

Specified in LTS

Miseon Seo’, Changhyun Jeong', Jacho Lee™, Jongkyu Hwang™", Sungun Kim®
PuKyung National University, Department of Telematics Engineering
“Korea Railroad Research Institute
E-mail : jljpms@maill.pknu.ac.kr

Abstract

e Alzg gAY gugs AFsv] g
3ate]l  LTS(Labeled Transition System)oll 7|¥h&
CTL(Computation Tree Logic) =2] A &9 EXHL A
8 e ¥y Tagdazt 45 FLo2 Q8 A
wojr}. 1Y modal mu-calculus =& A2 <t
2 LAY A WAl ALLEE, dH g &8
A9zt Jt5steg FYZd A7 dddy B =&
AME LTS 2 HAH3 @ HE A5A0E 22EZ &
dof tdd 4 "AK EXE 2y AA 76 o
AZ37] 93 AA =31 E AHEE modal mu-calculus E
ALgEte Bl 28 ¢nYES 78 £ FEEAH

3
Aoox > oHn o

L. A&

B4 AZES ool ti3 ALEate] 9 FAgo] B
8, oo, dqidEaE dojgo) uet Add "gei o
+2 O FUHAD, BAAd A48 uFFH Py
(informal method)ell &}& MEe g& Q79 vBjEEA
2 UEsn Uch webd e A88E vl R A
e Aosln AAE 2 H/HE P4 wdl o A
e 71£9 A 87 ¥ (formal method)?] & §0] F7lete

FAolH, 53 B4 £2ZEdo AL RHNA LFAL

454

g3 gAlekel Adxd 2 ¢A

A ol AMEEH Ad1]. A FF 71YL FA
urE 9l A& (correctness)ys EAdE HYoz ZEH
def7t EABIA @olok de AAA  FA(safety
property)™ BolE ¢t WEA FAYol = LY
4 B (liveness property)0] &332 FHol1 =g
Q1 Wl o& AFsE 7ol 2]

gty og {3 Ae] #HojE Hol ALHULTS)L
2 2498 ¥ concurrent A= FA9 2uEL FF
371 9% 22 7 F(model checking)oll AlA|=go]} 7]yl
€ € CTL °] ¥o] AH8H0 gtou3) g A5 ¢
ZAFe 78 R AE AANA A2y UR ¥E X2
M2=ztel AeRgor A7 AFefZg EA7E A7)
$tot. 28y modal mu-calculus = E A2" GAA
E4 Ao A18stH A9 9 8 Aot F
sz A A7t AL = YrH4)

B =FdAE LTS 2 348 8 d4x JiAE
ZREZ 299 ddgn Bdd 54E FYsE =
3 AA 7Hez AFE7] 8, 718 AlA =g
718+ E CTL o «8AdE d718 Kozen o] A
% modal mu-calculus[S|12 9 FAH duEE& 74

2 Hgahe Pge ANT

Be AAare

oA

j =]
22 2



20034 CHESIMXIZS3| StASESEUE =F8 H26H HiIS

I AFAH 2 oA
2.1 AFAM

A Z2EZo] AP 715 7] HEAMe =
ZEZ 7} 83 Aehol deadlock  livelock L ¥ A A4HH
A =g 22 FAF AA Jdst glolot iy, Atg
2 AFAE T dXEn e T ZAxete] g §
Ao} oj:olA A AAFof ot

Z2EE AZFL XT2EE M9 HFZA(correctness),
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COMMUNICATION_COMPLETED,

AS : Timer of LDTS Mg :Max of &5
AR : Timer of EIS M, : Max of R
Times: 0L NAIK] @814

Py: (3 poftiog E@ A2

P 371 master cock WA ALY

of21 B # : CRC, Saquence No. 021
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ACK

AWAITED LDTS %M polling & A43kn ACK 9] $£41& 7itlels AHE

POLLING DETECTED

polling® 414 EIS7} WA HAkste A

SYSTEM_INITIALIZED

LDTS7} ACKE Ao §ilo] 27)3te Al

RESP_AWAITED LDTS4IA Ao} wAR A4 ¥ ACK FAE 7ldele A

MSG_DETECTED Al AR E FA% ES7 AR E FArehs A

ABNORMAL A4 38 olFo|E NAK Ex= o IHE 4 BY 739
RS 4 ol AH

RESTORED B4 ol4 Aol gl Bileg Eyg e

COMM_COMPLETED

AL B4 942 A

¥ 1.VOFSM Ed9] Abe] A

al :initial_polling

a3 : operate_mc_timer

25 - train_observation

a7 : operate_polling_timer
29 : update_mag(ack)

al1 ; control_msg

82 all_update_mag
a4 : sync_mnc_timer
a6 : tmnsmit_train_no
88 : transmit_polling
10 : CTC_requrement
al2:ack

S0 idie S1 : ack_awaited
§2 : system_initialized 3 : Timer—Pe
54 : transfer_train S5 : Timer=Pp

56 : resp_awaited 7 : transmit_ready

S8 : ack_awaited
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II1. Modal mu-calculus
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2962 HAYuAFH HL2uHFE AHEstq A4
max block # min block & YWY, 29 7& 273 7
o o8] %7]3 % bit-vector, counter, 120 WjF
M[i]E YEhdoh

Bi=min{Xi =Xz v Xs
X2=A
Xa=XsnXs
Xe=[-1X,
Xs=<>Xs
Xs=tt}

By =max {X7=X) A Xs
Xe={-X7}

9 6. Max block, Min block

XX [ X2 | Xs [ Xa [ Xs | Xs | X2 | Xa C X | X
sel o [ 0 o 0 1 1 1 S0 2 1
81 o o o 0 o 1 1 1 S 2 1
s210 1 0 0 [ 1 1 1 §2 2 4
sijlo [ 0 0 0 1 1 1 s3 2 1
S41 0 0 ] o [} 1 1 1 S4 2 1
§51{ 0 [} 0 1 0 1 1 1 S5 i 0
86 o 0 0 o 0 1 1 1 S6 2 1
s7 ] [} o o o 1 1 1 87 2 1
S8 0 o 0 o 0 1 1 1 58 2 1

M[1]=<<82, X2>, <S5, X4>, <50, X6>, <S1, X6>, <52, X6>, <53, X6>,
<84, X6>, <85, X6>, <86, X6>, <57, X6>, <S8, X6>>
M2]=<>

13 7. Bit-vector, Counter and Array M{i]
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XIXIXNIX X XX X X CIXX

S0l 0 1 1 1 1 [ [ S0 o0 0

St 1 1] 1 1 1 1 0 [ 51 ] [

s2 1 1 0 0 1 1 ] 0 SIF ¥ t

83 1 0 1] ] 1 1 0 o 83 o )

sS4 1 0 1 1 1 1 0 0 Sal o 0

55 1 [ 1 1 ;ﬁ 1 0 [ 85| 0 [

ssJojyoloJol1]li]ofo s6 * &i3 L

s711 0 1 1 1 1 0 1] 57| o 0

s8]0 0 0 0 1 1 ) 0 S8 }h‘

Mil}=<>  M[2j=<>

1 8. Bit-vector, Counter and Array M[i]
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